In this paper, some Banach spaces are introduced. Based on these spaces and the coincidence degree theory, a 2m-point boundary value problem for a coupled system of impulsive fractional differential equations at resonance is considered, and the new criterion on existence is obtained. Finally, an example is also given to illustrate the availability of our main results.
Introduction
Recently, Wang et al. [] presented a counterexample to show an error formula of solutions to the traditional boundary value problem for impulsive differential equations with fractional derivative in [-]. Meanwhile, they introduced the correct formula of solutions for an impulsive Cauchy problem with the Caputo fractional derivative. Shortly afterwards, many works on the better formula of solutions to the Cauchy problem for impulsive fractional differential equations have been reported by Li et In recent years, many researchers paid much attention to the coupled system of fractional differential equations due to its applications in different fields [-]. Zhang et al.
[] investigated a three-point boundary value problem at resonance for a coupled system of nonlinear fractional differential equations given by work is to discuss a boundary value problem for a coupled system of impulsive fractional differential equation. Exactly, this paper deals with the m-point boundary value problem of the following coupled system of impulsive fractional differential equations at resonance:
, here w ∈ {u, v}, r ∈ {p, q}, w(t The coupled system (.) happens to be at resonance in the sense that the associated linear homogeneous coupled system
To solve this interesting and important problem and to overcome the difficulties caused by the impulses, we will construct some Banach spaces, then we shall obtain the new solvability results for the coupled system (.) with the help of a coincidence degree continuation theorem. The main contributions of this work are Lemma . and Lemma . in Section  since the calculations are disposed well. The plan of this work is organized as follows. Section  contains some necessary notations, definitions and lemmas that will be used in the sequel. In Section , we establish a theorem on the existence of solutions for the coupled system (.) based on the coincidence degree theory due to Mawhin [, ].
Background materials and preliminaries
For the convenience of the readers, we recall some notations and an abstract existence theorem [, ] .
We denote the inverse of the map by
The main tool we used is Theorem . of [] .
Theorem . Let L be a Fredholm operator of index zero, and let N be L-compact on .
Assume that the following conditions are satisfied: 
provided the right-hand side is pointwise defined on (, ∞). http://www.boundaryvalueproblems.com/content/2013/1/80
Definition . The fractional derivative of order α >  of a function y : (, ∞) → R is defined by
where n = [α] + , provided the right-hand side is pointwise defined on (, ∞).
Remark . It can be directly verified that the Riemann-Liouville fractional integration and fractional differentiation operators of the power functions t μ yield power functions of the same form. For α ≥ , μ ≥ -, we have
for some c i → R, i = , , . . . , N , where N is the smallest integer grater than or equal to α.
is satisfied for a continuous function y.
holds for a continuous function y.
with the norm
where
k equipped with the norm
Then the coupled system of boundary value problem (.) can be written as
For the sake of simplicity, we define the operators T  , T  :
. . , ω k ) as follows:
By the same way, we define the operators T  , T  :
as follows:
In what follows, we present the following lemmas which will be used to prove our main results.
Lemma . If the following condition is satisfied:
Next, we will show that (.) and (.)
hold.
Substituting the boundary condition D 
By the same way, if we substitute the condition (.) into (.), then we can obtain that
It is easy to check that the above u, v satisfy equation (.)-(.). Thus, (.) and (.) hold. Define the operator Q :
,
In what follows, we will show that Q  and Q  are linear projectors. By some direct computations, we have
As a result,
Similarly, we can see that
It means that the operator Q : Z → Z is a projector. Now, we show that
). http://www.boundaryvalueproblems.com/content/2013/1/80
The condition (H  ) guarantees that 
 is defined as follows:
Lemma . Assume that ⊂ Y is an open bounded subset with dom(L)
Proof Obviously, Im(P) = Ker(L). By a direct computation, we have that u, v) , that is to say, the operator P is a linear projector. It is easy to check from w = (w -Pw) + Pw that Y = Ker(P) + Ker(L). Moreover, we can see that
In what follows, we will show that K P defined above is the inverse of L| dom(L)∩Ker(P) .
On the other hand, for (u, v) ∈ dom(L) ∩ Ker(P), we have
By some calculations, (.) and (.) imply that
Then we can see that
where 
So, we can see that Q  N  is bounded and
The equicontinuity of t α , t α+ together with (.) and (.) gives that
By the Ascoli-Arzela theorem, we can see that K P  (I -Q  )N  is compact. By the same way, Q  N  is bounded and
Main results
In this section, we present the existence results of the coupled system (.). To do this, we need the following hypotheses.
here s  , s  are positive constants; ()
here s  , s  are negative constants.
Lemma . Suppose that (H  )-(H  ) hold. Then the set
Then we can see, from the condition (H  ), that there exist constants e  , e * , e * ∈ (, ) such
Similarly, for u ∈ dom(L  ), we have that
Substitute (.) and (.) into (.), then we have
It means that
similarly,
Substituting the above two into (.) and (.), we can see that 
From (H  ), there exist positive constants M , M , e  , e , e such that for t ∈ [e , ],
The above two arguments imply that |u| Y  is bounded. In the same way, |v| Y  is bounded. Thus,  is bounded in Y . 
Lemma . The set
 = (u, v) ∈ Ker(L)|λJ(u, v) + ( -λ)θ QN(u, v) = (, , . . . , ), λ ∈ [, ] is bounded in Y , where J : Ker(L) → Im(Q) is the linear isomorphism given by J h  t α- + h  t α- = σ  h  -σ  h  σ  + (-σ  h  + σ  h  )t σ  , , . . . ,  , J h  t β- + h  t β- = σ  h  -σ  h  σ  + (-σ  h  + σ  h  )t σ  , , . . . ,  and θ = ⎧ ⎨ ⎩ , if (H  ) () hold, -, if (H  ) () hold. Proof For (u, v) ∈ Ker(L), set u * = h  t α- + h  t α- , v * = h  t β- + h  t β- , then λJ(u, v) + ( - λ)θ QN(u, v) = (, , . . . , ) implies that λ(h  , , . . . , ) + ( -λ)θ T  N  v * = (, , . . . , ), (.) λ(h  , , . . . , ) + ( -λ)θ T  N  v * = (, , . . . , ), (.) λ(h  , , . . . , ) + ( -λ)θ T  N  u * = (, , . . . , ), (.) λ(h  , , . . . , ) + ( -λ)θ T  N  u * = (,
